INTRODUCTION
The nucleus is the information centre of the eukaryotic cell. Not only does it synthesize the mRNA for thousands of proteins, but it supplies regulated amounts of each mRNA to the cytoplasm. In addition it must replicate its entire structure accurately each cell cycle. The human genome contains l '8 m of DNA, so that an average human chromosome contains 40 mm of DNA in which the strands of the double helix intertwine 1-4X 1 0 7 times. This structure must function in a nucleus of about 6 fim diameter. The structural complexity of a nucleus is more apparent from a scale model enlarged by 106 times (Table 1) . On this scale DNA would be the diameter of thin string, 2 mm, but the DNA in each chromosome would be 40 km long, and the total DNA of one nucleus would reach from London to Leningrad (Table 1) . Nevertheless, this 1800 km o f'string' must all be packaged into a sphere of only 6 m diameter in such a way that the entire structure can replicate accurately and that specific regions must be accessible for efficient and regulated expression. To achieve this the nucleus contains a hierarchy of structural organizations. Most of our knowledge of this organization comes from the structural analysis of partly disrupted Diameter of nucleus material. However, an alternative approach is emerging, which offers more promise for elucidating the functional significance of structures in the nucleus. This alter native approach involves reconstituting the structural organization of the nucleus from its components in vitro. This paper reviews progress in reconstructing com ponents of the cell nucleus and argues that these approaches will find widespread use in the near future.
RECONSTRUCTING FUNCTIONAL CHROMOSOMES
Isolation and propagation of genes in Escherichia coli are becoming increasingly routine techniques, but to reconstitute isolated genes into functional chromosomes requires at least three other elements. These are centromeres, telomeres (chro mosome termini), and sequences that allow autonomous replication and that appear to be replication origins. Progress in identifying these elements has been largely confined to yeast. In Saccharomyces cerevisiae autonomously replicating sequences (ARS elements) were isolated by their ability to allow the replication of DNA ligated to them ( Fig. 1 Blackburn, 1985; Murray, 1985) .
When these three elements (telomeres, centromeres and autonomously replicating sequences) are combined, they enable linear plasmids to behave as autonomous chromosomes (Fig. 1) . The efficiency of plasmid maintenance is also seriously affected by the length of DNA. Short plasmids containing these elements are much 
Fig. 1. DNA sequence elements required for reconstructing functional chromosomes in yeast. Note that the stability of linear chromosomes containing centomere and telomere sequences increases with the total length of DNA (Murray & Szostak, 1983) . For reviews of the material presented in this figure see Blackburn (1985) and Murray (1985) . CEN, centromere; T E L , telomere; kb, 103 bases. There is clearly scope for important advances in future years in identifying and characterizing centromeres, telomeres and replication origins from higher eukaryotes. Already strategies have been devised to isolate replication origins from higher eukaryotes. If these can be combined with effective assays for initiation of replication, then it should be possible to characterize these sequences and to address the puzzling question of why replication initiates at specific DNA sequences. The obvious answers to this question are either that the enzymes of replication might require specific sequences for the initiation mechanism, or that specific initiation sites might be required to coordinate multiple initiations within a single chromosome in such a way that each region replicates once and only once in any cell cycle. 
REASSEMBLING DNA INTO CHROMATIN
The problem of retaining functional accessibility of l -8m of DNA in a 6 ¡xm diameter nucleus was illustrated in Table 1 Black & De Robertis, 1980). It is a pentameric heat-stable protein that binds histones in vitro and transfers them to DN A. In vivo nucleoplasmin is bound to H2A and H 2B and to two other proteins, which co-electrophorese with H3 and H 4 on sodium dodecyl sulphate-polyacrylamide gels, but with different isoelectric points (Kleinschm idt et al. 1985) . It is not clear yet if these proteins are modified forms of known histones. Most of the H3 and H4 pool in X enopus eggs and oocytes is complexed to two other acidic proteins called N1 and N2 (Kleinschm idt & Franke, 1982; Kleinschm idt et al. 1985) .
T h e existence of these two classes of histone binding factor in X en opu s eggs raises several significant questions. First, what is the functional relationship of the factors? Are they solely responsible for transfer of only one class of histones each or do they form a histone-transfer chain? T o answer this question we shall need to identify the proteins that resemble H3 and H4 and that are bound to nucleoplasmin. A second question that immediately emerges is whether or not nucleoplasmin and N1 and N2 are only adaptations for managing a stored histone pool or are involved in nucleosome assembly in other types of cell. So far polyclonal antibody studies suggest that nucleoplasmin is distributed widely (Krohne & Franke, 1980a,b) . As described in the following section it is becoming possible to reconstitute whole nuclei from purified DNA. This suggests that higher levels of chromatin structure are also forming and it should permit further progress in studying the structures and their assembly.
In addition, the complexity of the nucleosome assembly pathway emerging from studies of Xenopus eggs suggests that much more work will be required before we can fully reproduce the cellular assembly pathway from purified components in vitro.
REASSEMBLING THE NUCLEAR ENVELOPE
The hallmark of the eukaryotic cell is the nuclear envelope. It separates the site of transcription from that of translation and determines the exchange of information between the cytoplasm and the nucleus. To reconstruct a functional nucleus it is essential to be able to reassemble a nuclear envelope around chromatin. Two recent advances have made this feasible. First, Lohka & Masui (1983, 1984) have described a cell-free system from eggs of the irogRana that can reconstitute a nuclear envelope around demembranated sperm nuclei. The sperm nuclear membrane is damaged by treatment with lysolecithin before incubation in a low-speed supernatant from Rana eggs that have been activated by electric shock and disrupted by centrifugation rather than homogenization. During incubation, nuclear envelope re-forms around the sperm chromatin. It has the conventional structure of a double nuclear membrane containing nuclear pore complexes. After the nuclear envelope is re-formed the chromatin disperses and the nucleus swells (Fig. 3) .
A second advance towards reconstructing the nuclear envelope comes from observations of Forbes, Kirschner & Newport (1983), who injected purified phage X DNA into eggs of Xenopus laevis and observed that it becomes assembled into nuclei. These synthetic nuclei composed of phage A DNA are bounded by double membranes, perforated by numerous nuclear pores and lined by lamins. The results from these experiments indicate that DNA can serve as a signal for enclosure by a nuclear envelope and that envelope formation does not require specific nucleotide sequences. Cell 37, 299-307. K le in sc h m id t, J . A., F ortkam p, E ., K roh n e, G ., Z en tgraf, H. & F r a n k e, W. W. (1985) 
